per 



WORLD INTELLECTUAL PROPERTY ORGAN I! 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 

A61K 39/39, 39/00 



Al 



(11) International Publication Number: WO 91/01143 

(43) International Publication Date: 7 February 1991 (07.02.91) 



(21) International Application Number: PCT/US90/03982 

(22) International Filing Date: 16 July 1990 (16.07.90) 



(30) Priority data: 

379,742 



14 July 1989(14.07.89) 



US 



(71) Applicant: PRAXIS BIOLOGICS, INC. [US/US]; 300 

East River Road, Rochester, NY 14623 (US). 

(72) Inventors: PILLAI, Subramonia ; 286 Voilmer Parkway, 

Rochester, NY 14623 (US). BIXLER, Garvin ; 92 Squir- 
rel's Heath Road, Fairport, NY 14450 (US). 

(74) Agents: BROOK, David, E. et al.; Hamilton, Brook, Smith 
& Reynolds, Two Militia Drive, Lexington, MA 02173 
(US). 



(81) Designated States: AT (European patent), AU, BE (Euro 
pean patent), CA, CH (European patent), DE (Euro- 
pean patent)*, DK (European patent), ES (European pa- 
tent), FI, FR (European patent), GB (European patent), 
IT (European patent), JP, KR, LU (European patent), 
NL (European patent), NO, SE (European patent). 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: STABLE VACCINE COMPOSITIONS CONTAINING INTERLEUKINS 
(57) Abstract 

This invention pertains to interleukins-containing vaccine compositions, comprising a mixture of antigen and an adjuvant 
amount of an interleukin adsorbed onto a mineral in suspension and a preservative. Preferably, the mineral is alum. The interieu- 
kin can modulate the protective immune response to an antigen, while the mineral stabilizes the biological activity of the interleu- 
kin. 



* See back of page 



DESIGNATIONS OF "DE" 

Until further notice, any designation of "DE" in any international application 
whose international filing date is prior to October 3, 1990, shall have effect in the 
territory of the Federal Republic of Germany with the exception of the territory of the 
former German Democratic Republic. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 

AT Austria 

AU Australia 

BB Barbados 

BE Belgium 

BF Burkina Fasso 

BC Bulgaria 

BJ Benin 

BR Brazil 

CA Canada 

CP Central African Republic 

CC Congo 

CH Switzerland 

CM Cameroon 

DE Germany 

DK Denmark 



ES 


Spain 


Fl 


Finland 


FR 


France 


CA 


Gabon 


CB 


United Kingdom 


CR 


Greece 


HU 


Hungary 


IT 


Italy 


JP 


Japan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


LI 


Liechtenstein 


LK 


Sri Lanka 


LU 


Luxembourg 



MC 


Monaco 


MG 


Madagascar 


ML 


Mali 


MR 


Mauritania 


MW 


Malawi 


NL 


Netherlands 


NO 


Norway 


PL 


Poland 


RO 


Romania 


SD 


Sudan 


SE 


Sweden 


SN 


Senegal 


SU 


Soviet Union 


TD 


Chad 


TC 


Togo 


US 


United Slates of America 



WO 91/01143 



PCT/US90/03982 



-1- 

STABLE_VACCINE_C0MP0SITI0NS_CONT 

It is often desirable to enhance the immunogenic 
potency of an antigen in order to obtain a stronger 

5 immune response in the organism being immunized and to 
strengthen host resistance to the antigen-bearing agent. 
A substance that enhances the imraunogenicity of an 
antigen with which it is injected is called an adjuvant. 
One of the more effective adjuvants is Freund's adjuv- 

10 ant, a water-in-oil emulsion. Freund's adjuvant is most 
effective when live or killed mycobacteria are suspended 
in the emulsion (Freund's complete adjuvant) along with 
antigen. However, the intense, chronic inflammation 
that results around deposits of the emulsion precludes 

15 the use of the adjuvant in man. Emulsions lacking 
mycobacteria (incomplete Freund's adjuvant) are less 
irritating and have been used in man. Another type of 
adjuvant is a suspension of minerals on which antigen is 
adsorbed . 

20 Certain lymphokines have been shown to have adjuv- 

ant activity thereby enhancing the immune response to an 
antigen. For example, Good et al . demonstrate the use 
of recombinant human IL-2 (rhIL-2) adsorbed on alum to 
enhance the immune response to a malaria related 

25 antigen. This composition was prepared and used 

immediately and stability over time was not ascertained. 
Good, M . F . et_al. , J j_ Immunol^ 141: 972-977 (1988). 
Nakamura et al. demonstrated that interferon- gamma 
induced a two- to five-fold enhancement of antibody 

30 formation to several antigens. Nakamura et al. , Nature 
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307: 381-382 (1984). Interleukins have also been shown 
to enhance an immune response to other antigens. 
Nencioni et aL , J . Immunol^ 139:800-804 (1987); Howard 
et al. , EP285441. 

5 Summar^of_the_Invention 

This invention pertains to stable interleukin- 
containing vaccine compositions comprising a mixture of 
antigen and an adjuvant amount of an interleukin adsorb- 
ed onto a mineral in suspension. The mixture can com- 

10 prise a preservative. Interleukins, such as interleu- 
kin- 1«, interleukin- 10, interleukin- 2 , interleukin- 3 , 
interleukin-4, interleukin- 5 , interleukin- 6 and inter- 
leukin-7 can be used as adjuvants in combination with 
antigen (particularly glycoconj ugates ) adsorbed onto a 

15 mineral suspension such as alum (e.g., aluminum hydrox- 
ide or phosphate) to modulate the immune response to the 
antigen. The vaccine compositions can be stored. 

The vaccine compositions of this invention comprise 
20 an adjuvant amount of an interleukin in combination with 
the antigen adsorbed onto a mineral in suspension and a 
preservative. Preferably, the mineral is alum (e.g., 
aluminum hydroxide or aluminum phosphate) which is 
suspended in an aqueous medium. 
25 The interleukin functions to modulate the immune 

response to the antigen, while the alum stabilizes the 
biological activity of the interleukin. In the absence 
of alum, interleukins have short half lives. Thus, the 
vaccine compositions of the present invention can be 
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stored for periods of time which would otherwise result 
in the des tab ilization of the interleukin. Stabili- 
zation will greatly extend the permissible time for the 
manufacture, shipment and storage of the vaccine formu- 
5 lations prior to administering of the vaccine 
formulation . 

Several different interleukins can be used. These 
include interleukin- la , inter leukin- 10 , inter leukin - 2 , 
interleukin- 3 , inter leukin- 4 , inter leukin- 5 , interleu- 

10 kin-6, interleukin-7 , or mixtures of these. Portions of 
interleukins having immunomodulat ing activity can also 
be used. The preferred interleukin is int er 1 eukin- 2 . 

Interleukin can be obtained from any suitable 
source. They can be produced by recombinant DNA meth- 

15 odology. For example, the genes encoding several human 
interleukins have been cloned and expressed in a variety 
of host systems, permitting the production of large 
quantities of pure human interleukin. Further, certain 
T lymphocyte lines produce high levels of interleukin 

20 thus providing a source of the interleukin. 

The preservative can be any pharmac eut ic ally accep- 
table preservative. These include thimerosal, phenol, 
m-cresol, benzyl alcohol, methyl or ethyl paraben, and 
2 -phenoxyethanol . 

25 Interleukin can be used as adjuvant for many 

different types of antigens. In general, the antigens 
can be particulate antigens such as bacteria, viruses 
and macrocomponents of cells and soluble antigens such 
as proteins, peptides, glycoproteins and carbohydrates. 

30 Antigens of particular interest are viral or bacterial 
antigens, allergens, auto - immunity related antigens, 
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tumor- associated antigens, oncogene products, parasite 
antigens, fungal antigens or fragments of these. The 
antigens can be obtained from natural sources or they 
can be produced by recombinant DNA technology or other 

5 artificial means. 

Among the bacterial antigens of interest are those 
associated with the human bacterial pathogens including, 
for example, typable and nontypable Haemophilus influen^ 
zae , Escherichia col i. , Neisseria E£PlJl£ itlflis , S trep to - 

10 S-S^cus pneumoniae , Strep toco ecus pyogenes , Bra nh amella 
catarrhal is , Vibrio cholerae , Cory n eb a c t er ia 
diphtheriae , Nei sse ria gonorrhoeae , Borde tella per- 
tussis, Pseudomo na s a er ugino sa , Staphylococcus aureus, 
Streptococcus py og enes y Klebsiella pneumoniae , and 

^5 Clostridium t e tan i . Some specific bacterial antigens 
include bacterial surface and outer membrane proteins 
(e.g. from H ae mophilus influenzae , N eiss eria 
meningitidis t Neisseria gonorrhoeae or Branhamella 
catarrhalis) and bacterial surface proteins (e.g. the K 

20 protein from Streptococcus pyog en es ) . 

Viral antigens from pathogenic viruses include but 
are not limited to, human immunodeficiency virus (types 
I and II), human T-cell leukemia virus (types I, II and 
III), respiratory syncytial virus, hepatitis A, hepa- 

25 titis B, hepatitis C, non-A and non-B hepatitis virus, 
herpes simplex virus (types I and II), cytomegalovirus, 
influenza virus, parainfluenza virus, poliovirus, 
rotavirus, coronavirus , rubella virus, measles virus, 
varicella, Epstein Barr virus, adenovirus, papilloma 

30 virus and yellow fever virus. 
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Several specific viral antigens of these pathog nic 
viruses include the F protein (especially antigens 
containing the F peptide 283-315 described in WO89/02935 
entitled "Respiratory Syncytial Virus: Vaccines and 
5 Diagnostic Assays" by Paradiso, P. et al.) and the N and 
G proteins of respiratory syncytial virus (RSV) , VP4 
(previously known as VP3), VP6 and VP7 polypeptides of 
rotavirus, envelope glycoproteins of human immuno - 
deficiency virus, the S and pre-S antigens of hepatitis 

10 B and herpes glycoproteins B and D. 

Also of interest are various antigens associated 
with auto-immune diseases, such as rheumatoid arthritis 
and lupus erythematosus. 

Of particular interest for use in a vaccine are 

15 capsular polymers (CP) produced by bacterial pathogens. 
Capsular polymers are sugar containing polymers, such as 
polymers of sugars, sugar acids, amino sugars, polyhy- 
dric alcohols and sugar phosphates. Several capsular 
polymers and oligomers are useful as vaccines. 

20 The capsular polymers (CP) can be derived from many 

different types of bacteria. These types include 
Ei*£IB£Ehi-lH£ illf lH£B£ a e , Streptococcus species including 
E££umoniae (particularly serotypes 1, 4, 5, 6A, 6B, 9V, 
14, 18C, 19F, and 23F) pyogenes and a^alactiae, 

25 Neisseria meningitidis (such as serogroup a, b and c) , 
Klebsiella pneumoniae , Ps eudomonas aeruginosa and 
Staphylococcus aureus . 

Non-bacterial polymers can be derived from yeast 
and fungi, for example, Cryptococcus ne of or mans , or 

30 carbohydrate containing units found uniquely on cancer 
cells or those found associated with allergens. 
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The antigens of this invention can be used to 
elicit an immune response to an antigen in a vertebrate 
(such as a mammalian host) . The method comprises 
administering to the animal, an immunologically effec- 

5 tive dose of a vaccine composition comprising a mixture 
of an antigen and an adjuvant amount of an interleukin 
adsorbed onto a mineral in suspension and an added 
preservative. The vaccine compositions are useful for 
the prevention of microbial infections. The antigens 

10 may be administered in a pharmaceut ically acceptable 
vehicle, such as physiological saline, or ethanol 
polyols (such as glycerol or propylene glycol) . The 
vaccine composition may optionally comprise other adju- 
vants, such as vegetable oils or emulsions thereof, 

15 surface active substances, e.g., hexadecylamine , octa- 
decyl amino acid esters, octadecylamine , lysoleci thin , 
dime thy 1- dioctadecyl ammonium bromide , N , N- dicoc tadecyl - 
N' -N'bis (2-hydroxyethyl-propane diamine) , methoxy- 
hexadecylglycerol , and pluronic polyols; polyamines , 

20 e.g., pyran, dextransulf ate , poly IC, carbopol; pep- 
tides, e.g., muramyl dipeptide, dimethylglycine , 
tuftsin; immune stimulating complexes (ISCOMS) ; oil 
emulsions; and mineral gels. The antigens of this 
invention may also be incorporated into liposomes or 

25 ISCOMS. Supplementary active ingredients may also be 
employed. 

The vaccines can be administered to a human or 
animal in a variety of ways. These include intradermal, 
transdermal (such as by the use of slow release poly- 
30 mers) , intramuscular, intraperitoneal, intravenous, 
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subcutaneous, oral and intranasal routes of adminis- 
tration. The amount of antigen employed in such vaccine 
will vary depending upon the identity of the antigen 
employed. Adjustment and manipulation of established 

5 dosage ranges used with traditional carrier antigens for 
adaptation to the present vaccines is well within the 
ability of those skilled in the art. The vaccines of 
the present invention are intended for use in the 
treatment of both immature and adult warm-blooded 

10 animals, and in particular humans. Also, the use of the 
present composition is not limited to prophylactic 
application; therapeutic application are also contem- 
plated (e.g., AIDS prophylaxis and therapy). 

The adjuvant action of interleukin has a number of 

15 important implications: the adjuvant action of the 

interleukin can increase the concentration of protective 
antibodies produced against the antigen in the vaccina- 
ted organism. As a result, effective (i.e., protective) 
vaccination can be achieved with a smaller quantity of 

20 antigen than would be normally required. This reduction 
in the required amount of antigen may lead to more wide- 
spread use of vaccines which are difficult or costly to 
prepare. This is especially true in the developing 
nations which have very limited health care budgets and 

25 which face epidemics of respiratory diseases, diarrheal 
diseases and malaria. It may also provide for safer 
vaccination when the antigen is toxic at the concentra- 
tion normally required for effective immunization. By 
reducing the amount of antigen, the risk of toxic 

30 reaction is reduced. 
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Inter leukins , by means of their immunomodulating 
activity, can help evoke a protective immune response 
against marginally or non- immunogenic antigens. In this 
manner, vaccine compositions containing fragments of 

5 larger proteins, synthetic antigens or products of 

recombinant DNA technology may be made more potent by 
mixing them with interleukins . 

Typically, vaccination regimens call for the 
administration of antigen over a period of weeks or 

10 months in order to stimulate a "protective" immune 

response*. A protective immune response, is an immune 
response sufficient to protect the immunized host or 
subject from productive infection by a particular 
pathogen or pathogens to which the vaccine is directed. 

15 Interleukin, when coadministered with antigen and 

adsorbed onto a mineral in suspension can accelerate the 
generation of a protective immune response. This may 
reduce the time course of effective vaccination 
regimens. In some instances, it may result in the 

20 generation of a protective immune response in a single 

dosage. Further, vaccine formulations of this invention 
are sufficiently stable at 4*C to allow the manufacture, 
shipment and storage of the vaccine formulations. 
This invention is further illustrated by the 

25 following examples. 

EXAMPLES 

Example^! : Adjuva nt Effect of rhIL-1 or rhIL-2 in 
th e Presence o f A lum Wit h an HbOC 
Antigen Vacc ine 
30 A low dose (0.1 /ig/mouse) dose of Haemophilus type 

b CRM conjugate (HbOC) was formulated with or without 
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alum (100 /ig/mouse) and with various concentrations of 

2 

rhIL-2, rhIL-la or rhIL-10 ranging from 1 x 10 - 5 x 
10 5 units/mouse. All vaccines were prepared on the day 
of immunization and maintained at 4°C until injected. 

5 Interleukins used in the preparation of the vaccines 

were either reconstituted on the day of formulation or 
were recovered from diluted stock (25 jxg/ml) maintained 
at -70°C. Groups of Swiss -Webs ter mice (Taconic Farms, 
Germantown, NY) were injected intramuscularly (I.M.) at 

10 weeks 0 and 2 with 0.1 ml of the vaccine formulations. 

Serum samples were collected as indicated in the various 
Tables, 

rhIL-2 as Adjuvant 

Table 1 shows the results observed when rhIL-2 was 
15 administered as adjuvant in a mouse vaccination, both in 
the absence of alum [columns denoted (-)], and in 
combination with alum [columns denoted (+)]. Antibody 
concentrations are expressed as pg/ml and were deter- 
mined at weeks 2, 4, and 6, following the administration 
20 of 0.1 of the antigen. The antigen used in these 

studies was HbOC. Doses of rhIL-2 administered ranged 

o 5 
from 1 X 10 - 1 X 10 units/mouse. 
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TABLE 1 



HbOC Units Week 2 Week 4 Week 





rhIL 


(+) 


(- 


) 


( + ) 


( 


-) 


(+) 




(-) 


Series 


1: 




















0.1 


10 3 


4.70 


0. 


28 


7 .89 


3 


.46 


8.16 


3 


. 62 


0.1 


io 4 


2.25 


0. 


51 


9 .39 


5 


.01 


17.77 


5 


.83 


0.1 


10 5 


0.37 


0. 


55 


4.71 


3 


.04 


5.31 


2 


.91 


0.1 




0.46 


<0. 


10 


3 .53 


0 


.42 


5 .46 


3 


.53 


Series 


2: 




















0.1 


10 2 


1 .02 


0. 


40 


6 .32 


4 


.21 


5 .90 


3 


.32 


0.1 


io 3 


0.54 


0. 


75 


5.77 


4 


.73 


5.60 


4 


.61 


0.1 


10 4 


1.68 


<0. 


10 


12.99 


1 


.95 


19.06 


1 


. 25 


0.1 


10 5 


0.25 


<0. 


10 


5 .94 


5 


.46 


3.91 


3 


.82 


0.1 




0.53 


0. 


30 


7.09 


2 


.64 


8.30 


2 


.82 



15 As can be seen in the columns denoted (-) above, 

rhIL-2 without alum does have a stimulatory effect on 
antibody production For example, in two separate 
experiments, the antibody concentration present in the 
control samples was 0.42 fig/ml and 2.62 pg/ml . 

20 The results observed when alum was included with 

rhIL-2 in the adjuvant mixture are shown in the columns 
denoted (+) in Table 1. Again, a significant stimula- 
tory effect is seen. However, when alum is present, the 
magnitude of the antibody response is significantly 

25 increased over the response observed with otherwise 
identical samples without alum (vaccinations) . 

Again considering the 4 week time point, it can be 
seen that the with (+) alum antibody concentrations are 
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up to more than 10-fold gr ater than the corresponding 

without (-) alum antibody concentrations. Furthermore, 

there is an apparent rhIL-2 concentration dependence 

which was absent in the samples without (-) alum. 

5 Specifically, the correlation observed was that antibody 

concentration increased, as the rhIL-2 concentration 

decreased below 1 x 10^« In the case of rhIL-2 with 

alum, the dose which appeared to stimulate the highest 

4 

antibody production was approximately 1 x 10 units per 
10 mouse. 

B . rhIL^l_as__Ad j_uvan t 

Tables 2 and 3 show results obtained from immuniza- 
tions in which rhIL-1 oc and rhIL-l£ were used as adju- 
vant, respectively. Table 2 presents data obtained from 
15 anti-PRP antibody determinations (expressed in /xg/ml) at 
biweekly intervals pos t - immunization . Again, the 
experiments were conducted either with, (+) , or without, 
( - ) , alum . 
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HbOC 


rhILO.cc 


Week 


2 


Week 


4 


Week 




6 


EE 


(Units) 


( + ) 


(-> 


( + ) 


(-) 


( + ) 




(-) 


Series 1: 
















5 0.1 


io 3 


1.96 


1.02 


14. 63 


4.94 


13 .25 


4 


. 93 


0.1 


10* 


0.70 


2.54 


7.16 


5.11 


12 .44 


11 


. 17 




10 5 


0.33 


1.49 


4.69 


7.02 


6.14 


8 


.73 


0.1 


-IL 


0.46 


<0.10 


3 .53 


0.42 


5 .46 


3 


.53 



Control 



10 Series 2: 



0 


.1 


10 2 


<0. 


10 


1.02 


3.68 


4. 


36 


4 . 


07 


3.00 


0 


.1 


10 3 


1. 


06 


1.17 


12.31 


5 . 


54 


8 . 


74 


3.08 


0 


.1 


io 4 


0. 


47 


1.47 


4.73 


8. 


97 


5. 


98 


6.55 


0 


.1 


10 5 


0. 


34 


1.00 


8.55 


16. 


74 


7. 


77 


16.29 


0 


.1 


-IL 


0. 


53 


0,30 


7.09 


2. 


64 


8. 


30 


2.82 






Control 
























The results 


observed 


from rhIL 


-la 


and 


rhlL- 


IP 


adju- 



vant mixtures were similar, overall, to those observed 
in the rhIL-2 series. Table 2, for example, shows that 
20 when rhIL-la is administered as adjuvant without alum 
there is a stimulatory effect when compared with an 
otherwise identical vaccine without the lymphokine . As 
shown in the columns denoted (-), a tendency toward 
decreasing antibody production was observed as the 

25 amount of rhIL-la in the adjuvant mixture was decreased 

5 2 
from 1 x 10 to 1 x 10 units per mouse. 

In the presence of alum, rhIL-la also had a stimu- 
lating effect. Surprisingly, rhIL-la demonstrated 
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increasing ability to stimulate th immune response as 
its concentration was decreased. The optimal adjuvant 
amount of rhIL-la, in the presence of alum, was approxi- 
mately 1 x 10 3 , At such concentrations the antibody 

5 concentration was found to be 2-3 fold greater than the 
otherwise identical samples without (-) alum. 

Similar results were observed when rhIL-l£ was used 
as adjuvant, as shown in Table 3. The data in Table 3 
summarizes the results of antibody concentration deter- 

10 minations made at weeks 2, 4, and 6, for varying concen- 
trations of rhIL-10 as adjuvant, either with or without 
alum. In all but 6 of 21 experimental groups, the 
vaccine with (+) alum resulted in a higher antibody 
concentration than the vaccine without (-) alum. 
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HbOC rhIL-1/3 
UK 

Series 1: 



5 


0.1 


10 3 




0.1 


10 4 




0.1 


10 5 




0.1 


-IL 






Control 


10 


Series 2: 




0.1 


10 2 




0.1 


10 3 




0.1 


10 4 




0.1 


10 5 


15 


0.1 


- IL 






Control 
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TABLE 3 



Week 2 Week 

(+) (-) (+) 

0.41 0.96 5.27 

0.90 0.62 4.13 

1.46 0.46 13.35 

0..46 <0.10 3.53 

0.85 0.16 8.76 

0.30 0.40 4.57 

1.08 0.36 5.75 

0.19 0.36 2.34 

0.53 0.30 7.09 



4 Week 6 

(") (+) (-) 



4. 


09 


8 


.32 


5 


.22 


3. 


39 


8 


.15 


6 


.39 


1. 


77 


8 


.60 


1 


.06 


0. 


42 


5 


.46 


3 


.53 


0. 


04 


6 


.66 


1 


.91 


0. 


68 


6 


. 87 


10 


.33 


5. 


15 


5 


.17 


4 


.47 


3. 


0 


4 


.98 


3 


.92 


2. 


64 


8 


.30 


2 


.82 



Exampl e II : Ad juvant E ffect of rhIL-la, rhlL^lg^ 

rhIL^2^ and Mixtu res Thereof on an RSV 

F Protei n Vaccine 

20 To determine whether interleukins can be used to 

enhance the antibody response to a protein vaccine, 

various concentrations of F protein of respiratory 

syncytial virus (RSV) were formulated with alum (final 

100 /ig/mouse) and with or without rhIL-2 or rhIL-la at 1 
0 4 5 

25 x 10 or 1 x 10 units/mouse. Groups of Swiss -Webs ter 
mice (5 animals per group) were immunized intramus- 
cularly at weeks 0 and 2. Animals were bled as indi- 
cated in Table 4. 
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Three doses of RSV F protein (1, 0.1 and 0.01 
/ig/mouse) were administered. Of these only 0.01 /xg was 
suboptimal under the conditions employed. Comparison of 
the response seen in those groups receiving vaccines 

5 containing various interleukins with the control group 
receiving 0.01 jug of protein in alum alone revealed no 
significant effect (4 fold difference in titer) of 
rhIL-2 or rhlL-la on the antibody response to F protein. 
However, the responses in the rhIL-2 treated groups were 

10 higher than controls at doses of 1 x 10 units/mouse 
which is similar to the results obtained in the HbOC 
studies. With IL-lcr, both doses seem to show some 
improvement in antibody responses over controls. 
Interestingly, mixtures of 1 x 10 4 units/mouse of rhIL-2 

15 and rhIL-lo did not show any indication of synergy but 
rather showed a slight decrease in the response relative 
to controls suggesting a possible antagonistic inter- 
action of the interleukins. 
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TABLE _4 

Adjuvant Effect of rhIL-2 on RSV F protein vaccine 

HfiZ_B££tein rhIL Units Week 2 Week_4 Week 6 

0.1 -IL 

5 Control 141,657 2,341,756 2,454,512 

0.1 IL-2 10 4 191,935 2,045,327 2,101,951 

0.1 IL-2 10 5 309,797 2,275,311 2,311,326 

0.01 -IL 

Control 68,627 802,611 687,334 

10 0.01 IL-2 10 4 145,467 1,580,552 1,699,135 

0.01 IL-2 10 5 60,134 722,396 815,351 



0.1 -IL 

Control -- 141,657 2,341,756 2,454,512 

0.1 IL-la 10 4 123,446 1,861,917 1,771,952 

15 0.1 IL-la 10 5 79,386 1,185,475 1,214,008 



0.01 -IL 

Control -- 68,627 802,611 687,334 

0.01 IL-la 10 4 54,081 1,003,110 1,094,459 

0.01 IL-la 10 5 59,566 708,009 1,178,056 

20 0.1 -IL 

Control 141,657 2,341,756 2,451,512 

0.1 Mix 10 4 207,410 2,593,957 2,353,912 



0.01 -IL 

Control -- 68,627 802,611 687,334 

25 0.01 Mix 10 4 15,947 367,224 532,050 

1.0 -- 211,662 2,269,615 2,899,079 
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Exam£le_III_;_ S i ngl e_Dos e_Vacc ina t i on 

Table 1 shows the results of an experiment demon- 
strating the immune response to HbOC with rhIL-2 with and 

3 

without alum. At a concentration of 1 x 10 units rhIL-2, 
5 in the presence of alum, an HbOC based vaccine stimulated 
an antibody response of 4.7 /ig/ml. after a single 
administration. Such an antibody concentration is above 
the threshold level generally accepted as necessary for 
protection . 

10 Examp_le_iy^_ A d^u van t_ St ability 

To study the stability of rhIL-2 in an alum containing 

composition, HbOC antigen (2.5 jig/mouse) was mixed with 10 

units of rhIL-2 and adsorbed onto aluminum phosphate and 

15 stored at 4°C. Table 5 presents results observed in an in 

3 

vitro stability assay. In the assay, 5 X 10 CTLL-2 cells 
were cultured with various concentrations of rhIL-2 stan- 
dard and HbOC vaccines. Cells were incubated in RPMI media 
containing 10% FBS at 37° for 24 hours and pulsed with 1.0 

20 /iCi/well [ 3 H] - thymidine for 16 hours. To estimate the 
amount of rhIL-2 adsorbed to alum, the preparation was 
centrifuged to pellet the alum and the supernatent was 
assayed for rhIL-2 activity. It was determined that 
approximately 2/3 of the rhIL-2 is adsorbed onto alum. As 

25 shown in Table 5, when tested for rhIL-2 activity at time 
points following aluminum phosphate absorption, it was 
determined that the lymphokine maintained its activity for 
up to two weeks . 
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TABLE_5 

In vitro assay of rhIL-2 stability (Incorporation of 
[3H] -thymidine at 1.0 U/ml IL-2 A ±CPM ± SD) . 

5±£lE_£ Week_l Week_2 

5 Baseline: 
Media 

(x cpm) 303 ± 41 1,540 ± 67 135 ± 49 

Interleukin-2 : 
BM 16,179 ± 491 10,056 ± 689 13,323 ± 1428 

10 product 

Cetus 28,300 ± 2250 25,681 ± 135 25,992 ± 868 

product 

HbOC vaccines: 
rhIL-2 24,188 ± 783 31,989 ± 2252 36,312 ± 3102 

15 Alum/ 

rhIL-2 19,419 ± 1330 28,785 ± 1691 35,091 ± 690 
Alum/ 

rhIL-2 supt 4,460 ± 205 * 5,716 ± 211 13,460 ± 1231 
rhIL-2+50Aig 

20 Alum ND ND 35,627 ± 2503 

B . In Vivo Assay , of_r hIL -2 Stability 
An in vivo assay of rhIL-2 stability was designed. 
Mice were immunized with an HbOC/Alum/IL- 2 vaccine which 
had been stored as described above. Four groups of two 
25 DBA/2 mice were immunized with 10/xg (protein) HbOC in CFA, 
Alum, rhIL-2/Alum, or rhIL-2 on 3 consecutive weeks. Lymph 
nodes were removed one week after injection and single cell 
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suspension was obtained. 3 x 10 5 LNC were cultured with 
mitogens and various concentrations of DT, CRM, and TT . 
Cells were incubated in RPMI media containing 1.0% NMS at 
37°C for 3 days, pulsed with 1.0 ^Ci/well [ 3H ]- thymidine 
5 for 16 hrs, and harvested for counting on LS counter. A 
significant T cell response was observed in the HbOC-CFA 
group. In weeks 2 and 3, however, rhIL-2 induced an 
augmented T cell response. Furthermore, even HbOC alone 
appears to protect rhIL-2 from degradation. 

10 Equivalents 

Those skilled in the art will recognize, or be able to 
ascertain using no more than routine experimentation, many 
equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be 

15 encompassed by the following claims: 
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TABLE 6 

In Vivo Stability of IL-2 with HbOC Vaccine 

Maximum Incorporated [ 3H] - thymidine as SI ± SD 



Week 1 HbOC Priming In: 

5 In Vitro 

Challenge: CFA Alum* IL^g/Alum*. 

Media (x cpm) 454 ± 22 190 ±19 386 ±35 



IL-2* 



125 ± 8 



CA 1.0/ig/ml 
LPS 50pg/ml 



43. 3± 3.9 
129. 4± 8.7 



89. 7± 3.9 
189. 9± 7.7 



58. 4± 5.1 
69. 0± 4.5 



136. 9± 2.4 
103. 9± 6.6 



10 DT 
CRM 
TT 



Media 



17. 5± 1.2 
162. 0± 14.9 
0.8± 0.07 



1,185 "±175 



4.4± 0.04 
9.8± 0.3 
0.4± 0.03 



1.4± 0.3 
0.8± 0.1 
0.1± 0.0 



Week 2 
590 ±42 



552 ±48 



1.8± 0.1 
0.8± 0.1 
0.6± 0.05 



187 ±11 



15 CA l.Opg/ml 
LPS SO^g/ml 



40. 6± 3.4 
71. 5± 1.2 



57. 5± 1.8 
89. 9± 3.7 



53. 1± 0.9 
142. 1± 8.7 



165.1±11.5 
203.5±17 .8 



DT 16. 5± 0.4 1.1± 0.0 1.3± 0.2 2 . 9± 0.0 

CRM 50. 6± 0.5 1.3± 0.0 10 . 5± 0.3 1.6± 0.0 

XT 0.6± 0.1 <L.1£_<Ll° (K 1±_CK 0 0 . 4± 0.0 

20 Week 3 

Media 519 ± 59 416 ± 9 442 ±63 966 ±51 

CA 1.0Mg/ml 45. 9± 0.3 41. 0± 2.8 46. 4± 0.9 27. 5± 2.1 

LPS 50pg/ml 129. 2± 7.6 119. 4± 5.3 126. 5± 6.3 81. 9± 3.1 

DT 5.6± 0.8 NA 2 . 2± 0 . 2 NA 

25 CRM 98. 1± 8.1 17. 9± 1.4 25. 2± 1.6 31. 4± 2.6 

XX 0 . 4± 0.1 0 . 2± 0.0 0 .51 0.0 0 . 1± 0 . 0 



*These groups received 2.0% NMS instead of 1.0% 
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TABLE_5 

In vitro assay of rhIL-2 stability (Incorporation of 
[3H] -thymidine at 1.0 U/ml IL-2 A ±CPM ± SD) . 



Week 0 



Week 1 



5 Baseline: 
Media 
(x cpm) 



303 ± 41 1,540 ± 67 



Week 2 



135 ± 49 



Interleukin- 2 : 
BM 16,179 ± 491 10,056 ± 689 13,323 ± 1428 

10 product 

Cetus 28,300 ± 2250 25,681 ± 135 25,992 ± 868 

product 



HbOC vaccines : 
rhIL-2 24,188 ± 783 31,989 ± 2252 36,312 ± 3102 

15 Alum/ 

rhIL-2 19,419 ± 1330 28,785 ± 1691 35,091 ± 690 
Alum/ 

rhIL-2 supt 4,460 ± 205 5,716 ± 211 13,460 ± 1231 
rhIL-2+50pg 

20 Alum ND ND 35,627 ± 2503 



B . In Vivo Ass ay of rhIL-2 S tability 
An in viyo assay of rhIL-2 stability was designed. 
Mice were immunized with an HbOC/Alum/IL- 2 vaccine which 
had been stored as described above. Four groups of two 
25 DBA/2 mice were immunized with 10/ig (protein) HbOC in CFA, 
Alum, rhIL-2/Alum, or irhIL-2 on 3 consecutive weeks. Lymph 
nodes were removed one week after injection and single cell 
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suspension was obtained. 3 x 10 5 LNC were cultured with 
mitogens and various concentrations of DT , CRM, and TT . 
Cells were incubated in RPMI media containing 1.0% NMS at 
37°C for 3 days, pulsed with 1.0 /iCi/well [ 3H ]- thymidine 
5 for 16 hrs, and harvested for counting on LS counter. A 
significant T cell response was observed in the HbOC-CFA 
group. In weeks 2 and 3, however, rhIL-2 induced an 
augmented T cell response. Furthermore, even HbOC alone 
appears to protect rhIL-2 from degradation. 



10 Equivalents 

Those skilled in the art will recognize, or be able to 

ascertain using no more than routine experimentation, many 

equivalents to the specific embodiments of the invention 

described herein. Such equivalents are intended to be 

15 encompassed by the following claims: 
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TABLE 6 

In Vivo Stability of IL-2 with HbOC Vaccine 

Maximum Incorporated [ 3H] - thymidine as SI ± SD. 

Week 1 HbOC Priming In: 

5 In Vitro 





Ijuallcugc • 


CFA 






Alum* 




IL-2/Alum* 




IL- 


2* 






Media (x cpm) 


454 ± 


22 




190 ±19 




386 ±35 




125 


± 8 






CA 1.0/ig/ml 


43. 3± 


3 . 


9 


89. 7± 3. 


9 


58. 4± 5. 


1 


136. 


9± 2. 


4 




LPS 50jig/ml 


129.4+ 


8 . 


7 


189. 9± 7. 


7 


69. 0± 4. 


5 


103. 


9± 6. 


6 


10 


DT 


17. 5± 


1. 


n 

C 




04 


0 . 


3 


1 . 


8± 0 . 


1 




CRM 


162. 0± 


14. 


9 


9.8± 0. 


3 


0.8± 0. 


1 


0. 


8± 0. 


1 




TT 


0.8± 


0 . 


07 


0.4± 0. 


03 


0.1± 0. 


0 


0. 


6± 0. 


05 












Week 2 
















Media 


1,185 ±175 




590 ±42 




552 ±48 




187 


±11 




15 


CA 1.0jig/ml 


40.6+ 


3. 


4 


57.5+ 1. 


8 


53. 1± 0. 


9 


165 . 


1±11. 


5 




LPS 50/ig/ml 


71. 5± 


1. 


2 


89. 9± 3. 


7 


142. 1± 8. 


7 


203. 


5±17. 


,8 




DT 


16. 5± 


0. 


.4 


1.1± 0. 


, 0 


1.3± 0. 


.2 


2. 


. 9± 0. 


.0 




CRM 


50. 6± 


0 


.5 


1.3± 0 


.0 


10. 5± 0. 


. 3 


1. 


. 6± 0, 


.0 




TT 


0.6± 


0 


.1 


0.1± 0 


.0 


0.1± 0. 


.0 


0 


.4± 0 


.0 


20 










Week 3 
















Media 


519 ± 


59 




416 ± 9 




442 ±63 




966 


±51 






CA 1.0/ig/ml 


45. 9± 


0 


.3 


41. 0± 2 


.8 


46. 4± 0 


.9 


27 


. 5± 2 


.1 




LPS 50pg/ral 


129. 2± 


7 


.6 


119. 4± 5 


. 3 


126. 5± 6 


.3 


81 


.9± 3 


.1 




DT 


5.6± 


0 


.8 


NA 




2.2± 0 


. 2 




NA 




25 


CRM 


98. 1± 


8 


.1 


17. 9± 1 


.4 


25. 2± 1 


.6 


31 


.4± 2 


.6 




TT 


0.4± 


0 


.1 


0.2± 0 


.0 


0.51 0 


.0 


0 


.1± 0 


.0 



*These groups received 2.0% NMS instead f 1.0% 
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CLAIMS 

1. A stable vaccine composition, comprising a mixture 
of an antigen and an adjuvant amount of an inter- 
leukin adsorbed onto a mineral in suspension and a 

5 pharmaceutical^ acceptable preservative. 

2. The vaccine composition of Claim 1, wherein the 
interleukin is selected from the group consisting 
of interleukin-la, int er leukin- ip , inte r 1 eukin - 2 , 
interleukin- 3, interleukin- 4 , inter leukin- 5 , 

10 interleukin-6 , interleukin-7 , or mixtures thereof. 

3. The vaccine composition of Claim 2, wherein the 
interleukin is human interleukin- 2 . 

4. The vaccine composition of Claim 1, wherein the 
mineral suspension is an aqueous suspension of 

15 alum. 

5. The vaccine composition of Claim 1, wherein the 
antigen is an antigen selected from the group 
consisting of bacteria, viruses, macro - components 
of cells, proteins, peptides, glycoproteins, 

20 carbohydrates, parasites, fungi, oncogene products 

and cancer cells. 

6. A vaccine composition of Claim 5, wherein the 
bacterial antigen is from a bacterial pathogen. 
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7. The vaccine composition of Claim 6, wherein the 
bacterial pathogen is selected from the group 
consisting of Haemophi lu s^ in fluenzae , Escherichia 
coli , Neisseria meningitidis , Streptococcus 

5 2S e .HS2Si££ » Streptococcus pyogenes , Branhamella 

catarrh a. lis , Vibrio chglerae , Corynebac ter ia 
diphtheriae , Neisseria gonorrhoeae , Bordetella 
pertussis , P s eudomo na s aeruginosa , Staphylococcus 
aureus t Stre ptococ cu s EY££e£e s > Klebsiella 

10 pneumoniae and Clostridium tetani. 



8. The vaccine composition of Claim l f wherein the 
antigen is a bacterial capsular polymer, oligmer, 
or fragment thereof. 

9. The vaccine composition of Claim 8, wherein the 
15 bacterial capsular polymer, oligomer or fragment 

thereof is Haemophilus influenzae , Streptococcus 
pneum on iae , Neisseria meningitidis , Klebsiella 
pneumoniae , Pseudomonas aeruginosa or Staphy- 
lococcus aureus. 



20 10. The vaccine composition of Claim 1, wherein the 
antigen is coupled to a glycoconj ugate . 



11. The vaccine composition of Claim 10, wherein the 
glycoconjugate comprises a bacterial toxin of 
diphtheria, tetanus, pertussis or CRM, or toxoid 
25 thereof. 
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12. The vaccine composition of Claim 10, wherein the 
glyco conjugate comprises polyr ibosylr ib i to 1 - 
phosphate and CRM 19? of diphtheria toxin. 

13. A vaccine composition of Claim 1, wherein the 

5 bacterial antigen is a bacterial surface or outer 

membrane protein. 

14. The vaccine composition of Claim 13, wherein the 
bacterial surface or outer membrane protein is of 
Haemo£hilus influenzae, Neisseria meningitidis, 

10 Neisseria gonorrhoea or Branhamella catarrhal is. 

15. A vaccine composition of Claim 13, wherein the 
bacterial surface protein is the M protein from 
S trepto c o c cus EX£g£S££ * 

16. A vaccine composition of Claim 5, wherein the viral 
15 antigen is selected from the group consisting of F 

protein of respiratory syncytial virus, N protein 
of respiratory syncytial virus, G protein of 
respiratory syncytial virus, VP4 polypeptide of 
rotavirus, VP6 polypeptide of rotavirus, VP7 
20 polypeptide of rotavirus, envelope glycoproteins of 

human immunodeficiency virus, herpes glycoproteins 
B and D and the S and pre-S antigens of hepatitis 
B. 

17. A vaccine composition of Claim 1 wherein the 

25 preservative is thiraerosal, phenol, benzyl alcohol, 

methyl or ethyl paraben, 2 -phenoxyethanol or 
m-cresol. 
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18. A stable vaccine composition comprising, a mixture 
of an antigen and an adjuvant amount of inter- 
leuken-la, inter leukin- 10 » interleukin- 2 , inter- 
leukin-3, interleukin-4 , interleukin- 5 , inter- 

5 leukin-6 or interleukin- 7 , adsorbed onto a mineral 

in suspension. 

19. A vaccine composition of Claim 18, further com- 
prising a preservative. 

20. A vaccine composition of Claim 19, wherein the 
10 preservative is thimerosal, phenol, m-cresol, 

benzyl alcohol, methyl or ethyl paraben, or 2-phen- 
oxye thanol . 

21. The vaccine composition of Claim 18, wherein the 
mineral suspension is an aqueous suspension of 

15 alum. 



22. The vaccine composition of Claim 18, wherein the 
antigen is an antigen selected from the group 
consisting of bacteria, viruses, macro - components 
of cells, proteins, peptides, glycoproteins, 
20 carbohydrates, parasites, fungi, oncogene products 

and cancer cells. 



23. 



A vaccine composition of Claim 22, wherein the 
bacterial antigen is from a bacterial pathogen. 



WO 91/01143 



PCT/US90/03982 



-25- 



24. The vaccine composition of Claim 23, wherein the 
bacterial pathogen is selected from the group 
consisting of Haemophilus influenzae, Escherichia 
coli, Neisseria meningitidi s f Streptococcus £neu : 

5 moni a e , Streptococcus Eyogenes, Branhamella 

catarrh a lis , Vibrio cholerae, Cor^nebacterla 
d i ph th e r i a e , Neisseria gonorrhoeae , Bordetella 
pertussis , Pseudompnas aeruginosa , Staphylo coccus 
£HI£H£» Streptococcus £2£££B££ » £i£k£jL£iI* 

10 pneumoniae and Clostridium tetani. 

25. The vaccine composition of Claim 18, wherein the 
antigen is a bacterial capsular polymer, oligmer or 
fragment thereof. 

26. The vaccine composition of Claim 25, wherein the 
15 bacterial capsular polymer, oligomer or fragment 

thereof is Haemophilus i nfluenz a e , Streptococcus 
pneumoniae, Neisseria meningitidis, Klebsiella 
pneumoniae, Pseudompnas aeruginosa or Staj>hy- 
1 o co ecus aureus . 

20 27. The vaccine composition of Claim 18, wherein the 
antigen is coupled to a glycoconj ugate . 

28. The vaccine composition of Claim 27, wherein the 
glycoconjugate comprises a bacterial toxin of 
diphtheria, tetanus or pertussis, or CRM or toxoid 
25 thereof. 
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10 



29. The vaccine composition of Claim 28, wherein the 
glycoconj ugate comprises polyribosylribitol- 
phosphate and CRM ig7 of diphtheria toxin. 

30. A vaccine composition of Claim 18, wherein the 
bacterial antigen is a bacterial surface or outer 
membrane protein. 

31. The vaccine, composition of Claim 30, wherein the 
bacterial surface or outer membrane protein is of 
Haemophilus influenzae , Neisseria meningitidis , 
N ei sseria gon orrhoeae or Branhamella catarrhal is. 

32. A vaccine composition of Claim 30, wherein the 
bacterial surface protein is the M protein from 
Strepto coccus pyogenes . 

33. A vaccine composition of Claim 22, wherein the 

15 viral antigen is selected from the group consisting 

of F protein of respiratory syncytial virus, N 
protein of respiratory syncytial virus, G protein 
of respiratory syncytial virus, VP4 polypeptide of 
rotavirus, VP 6 polypeptide of rotavirus, VP7 

20 polypeptide of rotavirus, envelope glycoproteins of 

human immunodeficiency virus, herpes glycoprotein B 
and D and the S and pre-S antigens of hepatitis B. 
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34. A method of eliciting an immune response against an 
antigen, comprising administering to a vertebrate 
host an effective amount of a stable vaccine 
composition, comprising a mixture of an antigen and 

5 an adjuvant amount of an interleukin adsorbed onto 

a mineral in suspension and a pharmaceutically 
acceptable preservative, in a pharmaceutically 
acceptable vehicle and optional adjuvant. 

35. The method of Claim 34, wherein the interleukin is 
10 selected from the group consisting of inter- 

leukin-la, interleukin- lp , inter leukin- 2 , inter- 
leukin-3, interleukin-4 , interleukin- 5 , inter- 
leukin-6, interleukin 7 or mixtures thereof. 

36. The method of Claim 34, wherein the mineral sus - 
15 pension is an aqueous suspension of alum. 

37. The method of Claim 34, wherein the antigen is an 
antigen selected from the group consisting of 
bacteria, viruses, macro - components of cells, 
proteins, peptides, glycoproteins, carbohydrates, 

20 parasites, fungi, oncogene products and cancer 

cells . 



WO 91/01143 



PCT/US90/03982 



-28- 

38. A method of eliciting an immune response against an 
antigen, comprising administering to a vertebrate 
host an effective amount of a stable vaccine 
composition comprising, a mixture of an antigen and 

5 an adjuvant amount of interleuken-la , inter- 

leukin-10, inter leukin- 2 , interleukin- 3 , inter- 
leukin-4, inter leukin- 5 , inter leukin- 6 or inter- 
leukin-7 adsorbed onto a mineral in suspension, in 
a pharmaceutically acceptable vehicle and optional 

10 adjuvant. 
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